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ABSTRACT 
The aim of this study was to investigate the effect of crankcase oil on the cellular and func-
tional integrity of rat skin. Thirty (30) rats were randomly grouped into six viz groups A–F. 
Group A (base-line control) received 2 ml of distilled water. 2.5 %, 5.0 %, 7.5 %, and 10.0 % 
v/v of the crankcase oil were prepared using unused oil as solvent and 2 ml of the concentra-
tions were topically administered to groups C–F respectively for seven consecutive days. 
Group B served as positive control and received 2 ml of the unused oil. The rats were sacri-
ficed 24 hours after the last administration, and blood and part of the skin were collected. Al-
kaline phosphatase (ALP), acid phosphatase (ACP), superoxide dismutase (SOD) and 
malondialdehyde level in the blood and skin samples collected were evaluated. Elemental 
analysis of the crankcase oil was also carried out. The result revealed high lead, iron and 
chromium levels. Blood lead concentration of rats was significantly (P<0.05) high after seven 
days of administration. ALP level in skin and serum increased significantly (P<0.05) with the 
concentration of crankcase oil. There was a significant decrease (P<0.05) in skin ACP activity 
while it increased significantly (P<0.05) in the serum. Similar results were observed in the 
SOD levels of the serum and the skin. The level increased significantly (P<0.05) in groups D–
F when compared with controls. The MDA concentration of both serum and skin were signif-
icantly (P<0.05) elevated. This suggests toxic potential of used lubricating oil and its potential 
predisposition to cancer.   
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INTRODUCTION 
Spent engine oil, also known as used 
mineral-base crankcase oil, is a brown-to-
black liquid produced when new engine oil 
is subjected to high temperature and high 
mechanical strain (ATSDR, 1997). Spent 
engine oil is a mixture of several different 
chemicals (Wang et al., 2000). This in-
cludes low and high molecular weight (C15-
C20) aliphatic hydrocarbons, aromatic hy-
drocarbons, polychlorinated biphenyls, 
chlorodibenzofurans, lubrication additives, 
decomposition products, heavy metal con-
taminants such as aluminium, chromium, 
tin, lead, manganese, silicon, and nickel that 
comes from engine parts as they wear down 
(ATSDR, 1997). 
Spent engine oil is a common and toxic 
environmental contaminant not naturally 
found in the environment (Dominguez-
Rosado and Pichtel, 2004). Large amount of 
used engine oil (crankcase oil) is released 
into the environment when the motor oil is 
changed and disposed into the gutter, water 
drains, open vacant plots and farmland, a 
common practice by motor mechanics, and 
generator mechanics (Odjegba and Sadiq, 
2002). In addition, the oil is released into 
the environment from the exhaust system 
during engine use and due to engine leaks 
(Anoliefo and Edegbai, 2000; Osubor and 
Anoliefo, 2003). 
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Due to its physicochemical properties, 
the dermal route is an important route of 
exposure (Christopher et al., 2011) though 
exposure could also be through inhalation 
of exhaust fumes. It is known to accumulate 
carcinogenic polycyclic aromatic hydrocar-
bons (PAHs) during engine running (Car-
michael et al., 1990). The toxicity and car-
cinogenecity of several chemicals, includ-
ing heavy metals, most aromatic hydrocar-
bons, have been associated to generation of 
reactive oxygen and nitrogen species. Car-
michael et al. (1992) and Lee et al. (2000) 
reported an increase in DNA adducts in the 
tissues of rats topically treated with engine 
oils. Toxic manifestations of metals, some 
of which are component of crankcase oil 
are primarily the result of imbalance be-
tween pro-oxidant and antioxidant homeo-
stasis which is termed oxidative stress (Flo-
ra et al., 2008). Etiology of most ailments 
have been associated with oxidative stress 
(Frei, 2004) including, cancer, anemia, in-
flammation, schizoprenia and several others 
associated with tissue dysfunction. The car-
cinogenesis effect of crankcase oil has been 
attributed to the fraction of the polycyclic 
aromatic hydrocarbons (PAH) containing 
more than three rings and may account for 
about 70 % of the total carcinogenicity. 
This fraction constitutes only up to 1.14 % 
by weight of the total oil sample. The con-
tent of benzo(a)pyrene may account for 
18% of the total carcinogenicity of the used 
oil (Grimmer et al., 1982). Osubor and 
Anoliefo (2003) demonstrated that spent 
engine oil at different concentration inter-
fered with both growth and oxygen uptake 
of Arachis hypogea seedlings. Studies in 
mice showed that polycyclic aromatic hy-
drocarbons accumulate in tissue of mice to 
which crankcase oil was applied topically 
(Granella and Clonfero, 1991). Antiestro-
genic activities have also been reported for 
crankcase oil, which suggested that its pres-
ence in the environment may be of concern 
for reproductive health (Ssempebwa et al., 
2004). The effects of used engine oil are 
manifested in mechanics and other auto 
workers who are exposed to used mineral-
based crankcase oil as skin problems (rash-
es), blood damage (anemia), and nervous 
system derangement (headaches and trem-
ors). However, the effects vary depending 
on the engine source of the oil. Low doses 
of the oil inhaled, irritate the nose, throat 
and eye (Hazlett, 2005). The attitude of au-
to mechanics in many parts of Nigeria to-
wards the use and disposition of spent en-
gine oil prompted this study to evaluate the 
toxic effects of the oil on the first line of 
contacting the skin. 
 
MATERIAL AND METHODS 
Source of crankcase oil and reagents 
Both fresh and used mineral based oil 
are products of ABRO industries Incorpora-
tion, South Bend, USA. All reagents used 
were of analytical grades. 
 
Source of experimental animals 
A total of thirty (30) female albino rats 
(Rattus norvegicus) were used. They were 
obtained from the Animal Holding Unit of 
the Department of Biochemistry, University 
of Ilorin, Ilorin, Kwara State, Nigeria. Ani-
mal husbandry and experimentation were 
consistent with Guiding Principles in the 
use of Animals in Toxicology (Derelanko, 
2000).  
 
Elemental analysis of crankcase oil 
Elemental analysis for the presence of 
tale wear metals was performed by Induc-
tion Coupled Argon Plasma Spectrometry 
(ICAP). Metals in oil solution get excited 
when exposed to argon plasma and emit 
light at a characteristic wavelength. The 
amount of light emitted and the wavelength 
was detected, and through the use of stand-
ards, the specific metals were quantified 
(Pots et al., 1984). 
 
Preparation of different concentrations of 
crankcase oil and administration 
The rats were grouped randomly into 
six (6) viz groups A–F. Group A (base-line 
control) received 2 ml of distilled water. 
2.5 %, 5.0 %, 7.5 %, and 10.0 % v/v of the 
crankcase oil were prepared using fresh 
(unused) oil as solvent and 2 ml of the con-
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centrations were topically administered to 
groups C–F respectively for seven consecu-
tive days. Group B served as positive con-
trol and received 2 ml of the unused oil. 
The rats were sacrificed 24 hours after the 
last administration. 
 
Preparation of skin homogenate and  
serum collection 
At the end of the administration period, 
the rats were sacrificed and a known weight 
of the skin was taken. The fur on the skin 
was removed and the skin sliced into piec-
es, kept in ice-cold 0.25 M sucrose solution 
(1:5 w/v) and homogenized. 
 
Assay of biochemical parameters 
Activity of ALP was determined in the 
serum and tissue (skin) homogenate by the 
method of Wright et al. (1972). Activity of 
ACP was determined in the serum and tis-
sue homogenate by the method of Wright 
and Plummer (1974). The activity of SOD 
was determined in the serum and tissue 
homogenate. Measurement of the thiobarbi-
turic acid reacting substance (TBARS) was 
used to access lipid peroxidation in the rat 
skin. This was described by the method of 
Varshney and Kale (1990). 
 
Statistical analysis 
All data are presented as mean+standard 
error of mean (S.E.M.). Statistical analysis 
was done using unpaired student’s t-test. 
Difference was considered to be statistically 
significant at P<0.05 (Montgomery, 1976). 
 
RESULTS 
The result of the elemental analysis of 
crankcase oil is presented in Table 1. Seven 
elements were recorded with their concen-
tration ranging from 128.60 µg/ml for lead 
(Pb) to 32.42 µg/ml for sodium (Na). 
Table 2 shows the blood lead concentra-
tion of the rats after crankcase oil admin-
istration on the seventh day. There was sig-
nificant (P<0.05) increase in blood concen-
tration of lead which is proportional to the 
administered concentration.  
Tables 3 and 4 show the effects of the 
seven-day consecutive administration of 
crankcase oil on the activities of ALP, ACP 
and SOD in rat skin and serum. Serum 
ALP, ACP and SOD activities of test 
groups were significantly increased 
(P<0.05) with concentrations when com-
pared with the base-line group. However, 
there was no significant difference (P>0.05) 
between serum ALP and SOD at 2.5 % v/v 
when compared with the positive control. 
The skin ALP and SOD activities showed a 
significant increase (P<0.05) in the positive 
control group when compared with the 
base-line. However, the activities of the en-
zymes increased significantly (P<0.05) with 
increase in concentrations of the mineral 
based crankcase oil. ACP activity observed 
in the skin of rats presented an inverse ef-
fect of the crankcase oil to skin ALP activi-
ty. 
The effect of crankcase oil on lipid per-
oxidation in skin and serum of rats adminis-
tered varying concentrations of crankcase 
oil for seven days is presented in Table 5. 
The data obtained revealed a significant in-
crease (P<0.05) in MDA concentrations of 
both tissues studied when compared with 
the base-line. However, no level of signifi-
cance was observed at 2.5 % v/v of crank-
case oil when compared with the positive 
control.  
 
Table 1: Elemental composition of crankcase oil 
 
Elements Concentrations (µg/ml) 
Iron 109.81 ± 9.30 
Copper 36.05 ± 2.20 
Aluminium 83.73 ± 6.10 
Chromium 83.14 ± 7.00 
Lead 128.60 ± 10.10 
Silicon 59.49 ± 3.30 
Sodium 32.42 ± 2.10 
Values are means (n=3) ± S.D 
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Table 2: Blood lead concentration of rat follow-
ing the topical administration of crankcase oil 
for 7 days 
 
Groups Lead concentration 
(µg/dl) 
Control (water) Not detected 
Control (unused oil) Not detected 
2.5 % used oil 46.30 ± 2.11a 
5.0 % used oil 49.51 ± 3.00a 
7.5 % used oil 71.73 ± 4.61b 
10 % used oil 80.44 ± 4.98b 
Values are mean (n=5) ±S.D. Values with dif-
ferent superscripts in each column are signifi-
cantly different. 
Table 5: Effect of crankcase oil on serum and 
skin malondialdehyde level of rats following 7 
days topical administration 
 
Groups Skin  
(µmol/l) 
Serum 
(µmol/l) 
Control (water) 17.50 ± 1.51a 0.95 ± 0.01a 
Control  
(unused oil) 19.50 ± 1.50
a 1.20 ± 0.05b 
2.5 % used oil 19.20 ± 1.16a 1.18 ± 0.04b 
5.0 % used oil 25.60 ± 1.63b 1.78 ± 0.05c 
7.5 % used oil 28.80 ± 2.14b 2.11 ± 0.10d 
10 % used oil 30.40 ± 2.74b 2.34 ± 0.15e 
Values are mean (n=5) ±S.D. Values with dif-
ferent superscripts in each column are signifi-
cantly different. 
 
 
 
 
Table 3: Selected enzyme activities of rat skin following the topical administration of crankcase oil for 
7 days 
 
Groups  ALP (IU/L) ACP (IU/L) SOD (IU/L) 
Control (Water) 262.00 ± 12.20a 150.40 ± 11.90a 175.60 ± 10.20a 
Control (Unused oil) 286.00 ± 12.40b 138.90 ± 11.40b 195.40 ± 11.9b 
2.5 % used oil 298.00 ± 10.50b 111.60 ± 1.70c 192.10 ± 10.10b 
5.0 % used oil 302.10 ± 15.60b 108.50 ± 8.80c 256.70 ± 10.80c 
7.5 % used oil 315.40 ± 15.17c 100.70 ± 8.30c 288.90 ± 12.40d 
10 % used oil 330.70 ± 16.70d 106.70 ± 10.1c 304.30 ± 18.6e 
Values are mean (n=5) ±S.D. Values with different superscripts in each column are significantly differ-
ent. 
 
Table 4: Selected enzyme activities of rat serum following the topical administration of crankcase oil 
for 7 days 
 
Groups  ALP (IU/L) ACP (IU/L) SOD (IU/L) 
Control (Water) 40.00 ± 1.80a 22.90 ± 1.10a   95.00 ± 8.40a 
Control (unused oil) 48.50 ± 2.80a 39.20 ± 1.90b 120.10 ± 11.30b 
2.5 % used oil 51.30 ± 3.30a,b 48.10 ± 2.20c 118.08 ± 10.60b 
5.0 % used oil 66.40 ± 3.90c 52.30 ± 2.60c 178.70 ± 11.00c 
7.5 % used oil 81.10 ± 4.40d 54.60 ± 3.10c 211.90 ± 11.80d 
10 % used oil 96.40 ± 4.90e 56.50 ± 3.00c 234.50 ± 12.7e 
Values are mean (n=5) ±S.D. Values with different superscripts in each column are significantly differ-
ent. 
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DISCUSSION 
The elemental analysis of crankcase oil 
revealed that it is a rich source of metals 
(Pots et al., 1984). These metals have vari-
ous level of toxicity when present above 
acceptable level in biological systems, alt-
hough some may serve as cofactor or acti-
vators of enzymes (Goyer and Clarkson, 
2001). The iron is not of toxicological sig-
nificance. Lead and chromium have been 
implicated in carcinogenesis (De Zwart and 
Slooff, 1987), suggesting that crankcase oil 
may possess certain degree of deleterious 
effect. Lead has been recognized as one of 
the most common and toxic heavy metal 
contaminants in the environment (Garcia 
and Corredor, 2004). The skin often absorbs 
chemical substances on contact and, this 
could be responsible for the observed in-
crease in blood lead concentration after 7 
days of administration of the oil.  
Alkaline phosphatase has been em-
ployed to assess the integrity of plasma 
membrane and endoplasmic reticulum 
(Akanji et al., 1993). Result of ALP activity 
from this study suggests that the integrity of 
the membrane system has been compro-
mised by the administration of crankcase oil 
for seven days. The slight elevation ob-
served in serum ALP activity may be at-
tributed to leakage from tissues into intra-
cellular space due to changes in endothelia 
permeability, after topical administration 
for seven days. The significant reduction in 
skin ACP activity may be due to loss of 
membrane and cytosolic components in-
cluding ACP. This was justified by the in-
crease observed in the serum ACP. 
The increase in the skin SOD activity 
observed in groups administered 5.0 %, 
7.5 %, and 10.0 % v/v crankcase oil could 
be as a result of the presence of copper, one 
of the metallic content of crankcase oil. 
Copper functions as a cofactor of the en-
zyme. This is in agreement with the fact 
that copper alongside zinc, plays a catalytic 
role in SOD activity (Raha and Robinson, 
2000). The increase in serum SOD activity 
is suggestive of a possible damage to tissue 
cell plasma membrane due to administra-
tion of the crankcase oil thus, leading to the 
escape of membrane components into ex-
tracellular fluid (Akanji et al., 1993). Su-
peroxide dismutase (SOD) constitutes the 
first line of defence against reactive oxygen 
species. Superoxide is produced at any lo-
cation where electron transport is present 
hence O2 activation occurs in different 
compartments of the cell including mito-
chondria, chloroplasts, cytosol, etc. (Elst-
ner, 1991). SOD activity has been reported 
to increase under oxidative stress, in re-
sponse to external stimuli. Oxidative stress 
induced mechanism is thus the likely mode 
of actions of the toxic components of the 
crankcase oil. Genetic polymorphism of 
SOD has been linked to oxidative DNA 
damage and as a result increases risk of 
cancer (Khan et al., 2010). Malondialde-
hyde is a major product of lipid peroxida-
tion. During oxidative stress, MDA and 
other aldehydes are formed in biological 
systems. Higher level of MDA in the skin 
suggests a higher degree of lipid peroxida-
tion. This may have resulted from accumu-
lation of free radicals causing oxidative 
stress in vivo (Murray et al., 1999). Oxida-
tive stress has been linked to tumorigenesis 
and carcinogenesis. Also, the elevation ob-
served in the serum MDA concentration 
may be due to plasma membrane derange-
ment thus leading to leakage from the skin 
into the extracellular fluid. 
In conclusion, this study has provided 
additional information that crankcase oil 
could have adverse effects on the skin with 
repeated exposures. This is because expo-
sure to crankcase oil has been found to be 
associated with increased lipid peroxidation 
in rat skin - a consequence of oxidative 
stress. The observed significant increase in 
the activities of enzymes studied in the se-
rum further revealed that skin damage 
might occur when exposed to crankcase oil. 
Thus revealing that repeated and continuous 
contact of the skin with the oil may be dele-
terious to human health. 
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